An RNA-ribosomal DNA complex can be isolated from ovaries of Xenopus laevis incubated in vitro during the amplification stage. A part of the RNA present in the complex is resistent to RNase but becomes completely sensitive after heat denaturation, a treatment that also allows the separation of the RNA from the DNA. The size of the RNA-ribosomal DNA complex is strongly reduced after treatment with RNase. A small fraction of the RNA present in the complex is complementary to the spacer region of the strand, which is not transcribed in vivo into cytoplasmic 18S and 28S ribosomal RNA.
Ribosomal gene amplification seems to occur through a "chromosome copy mechanism," i.e., the amplified ribosomal genes are derived from the chromosomal ribosomal DNA (rDNA) (1) . The complete transcription into an RNA molecule of one of the several hundred repetitive units that are present in the nucleolar organizer region of the chromosome could provide the specificity that such a mechanism requires in order to replicate only a very small part of the genome. We have previously suggested that amplification of the ribosomal genes during oogenesis in Xenopu laevis occurs through RNA-dependent DNA synthesis (2) . An RNA-rDNA complex containing an RNA molecule with a molecular weight very close to the expected molecular weight of the transcript of one complete repetitive unit was detected (2) . In this paper, we present experiments concerning the characterization of this RNA-rDNA complex.
MATERIALS AND METHODS
Ovaries were manually dissected from young tadpoles and incubated in Liebowitz's medium supplemented with 10%o fetal-calf serum (Difco). For the preparation of the RNArDNA complex, the ovaries were incubated for 48 hr in vitro with different radioactive precursors as indicated in the text, washed, gently lysed with detergent, and immediately centrifuged to equilibrium in CsCl. The centrifugation was in a Spinco Ti 50 angular rotor at 33,000 rpm for 60 hr. The tubes containing the RNA-rDNA complex were pooled; the mixture was dialyzed to remove the CsCl and treated as indicated in the different experiments. The RNase treatment was done by incubation of the samples in the native form or after The centrifugation time has been selected to allow a comparison with the results obtained by use of ovaries labeled in vitro in an experiment identical to the one described by Brown and Tocchini-Valentini (6) . The untreated new rDNA chains synthesized in vitro sediment between the 18S and the 28S ribosomal RNA markers. After RNase treatment, a dramatic shift in size is observed, and the 'H-labeled DNA now sediments in the 9-1OS region of the gradient (Fig. 3B) (1972) tide primer that is physically incorporated into the product (7). It is possible that the enzyme that Brown and TocchiniValentini were able to isolate from Xenopus ovaries could also require the presence of a primer. We already presented data suggesting the presence of an RNA component covalently linked to the growing rDNA chains. We decided to investigate this problem by studying the hybridization of RNA recovered from the RNA-rDNA complex to the separated strands of the ribosomal DNA.
Reeder and Brown (4) have shown that the two strands of the rDNA can be separated, yielding a "heavy" (H) strand and a "light" (L) strand. The 18S and 28S ribosomal RNA made in vivo are complementary only to the H-strand. No hybridization of the ribosomal RNA made in vivo to the Lstrand was detected. It is clear that in a reaction using as template an RNA molecule complementary to the H-strand, the primer eventually used should be complementary to the L-strand. To test this prediction, we prepared [3H]RNA-['4C]rDNA complex, extensively sheared it by sonication, and digested it with DNase. The RNA was extracted free of detectable 14C counts and hybridized to the separated strands of the rDNA. Most of the RNA counts hybridized to the Hstrand. A small, but reproducible, peak of hybridization with the L-strand was, however, also detected. The relative hybridization could not be measured quantitatively since the specific activity of the different hybridized RNA molecules was unknown. Table 1 shows the results obtained when the RNA hybridized to the L-strand was recovered and reannealed with different RNAs. The RNAs used were 18S and 28S ribosomal RNA labeled in vivo with 82p, and 32P-labeled complementary RNA made in vitro by the E. coli RNA polymerase on denatured rDNA. When denatured rDNA is used as template, the E. coli RNA polymerase transcribes both strands for the entire length of the cistron, including the spacer (4) . No RNA-RNA hybridization, measured as ribonuclease resistance, was detected between the [3H]RNA hybridized to the L strand and an equimolar mixture of 18S and 28S ribosomal RNA. By contrast, a very high degree of complementarity was The [3H]RNA hybridized to the L-strand was recovered as described in Methods and allowed to reanneal with a large excess (20 lg/ml) of different [32P]RNAs as indicated. The incubation was in 2 X NaCl-Na citrate for 20 hr at 660. The samples were then treated for 30 min at 370 with a mixture of pancreatic RNase (20 pg/ml) and T1 RNase (0.5 jug/ml). At rapidly processed. This effect could explain why with ovaries labeled in tivo, a condition where the amplification process can go normally to completion, we were unable to detect any DNA counts in the light region of the gradient, even after RNase treatment.
The repetitive unit of Xenopus rDNA contains the sequences coding for the 185 and the 28S RNA, and a region not transcribed into stable cytoplasmic RNA species, called spacer (3, 8) . The transcription of this unit into RNA starts from the 3-end of the H-strand and gives an RNA product that contains at the 5'-end the 185 sequences followed (from 5' to 3') by the 28S and by the spacer sequences (3). Since RNA-dependent DNA polymerase also works in the 5' to 3' direction (7), one would predict that any polynucleotide molecule used as primer should be complementary to the spacer sequences of the strand not transcribed in tivo (Lstrand). In the RNA-rDNA complex isolated after incubation in vitro, we could indeed detect a small amount of an RNA component complementary to the spacer sequences of the Lstrand of the rDNA. Even though this result does not constitute a direct proof of the existence of a primer, it strongly argues in favor of it.
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